The objective of this project was to develop a computer program containing a database of advanced analytical and comprehensive engineering information on CCPs, accessible through a user-friendly interface. Version 1 .O of the "ACAA CCP Data Manager" was specifically designed to:
Perform multiple-criteria queries to produce a set of samples for in-depth study.
View and print standard test reports, such as C618 reports.
Compare and contrast analytical results in graphs and tables.
Graph utilization information by application and region.
2
Save data to a file for use in other computer applications, such as spreadsheet programs.
The program was designed to contain descriptive information about a given CCP sample, including sample formation data (material type, sample location, fuel type, collection device etc.), combustion system design data (steam generator type, furnace type, S q and NO, control information, ash-handling configurations), test data (chemical, mineralogical, and physical characterization data), and utilization potential of the CCP. The location of the plant is identified by rggion. The database has been initially populated with information on over 800 CCP samples, taken from the Coal Ash Resources Research Consortium (CARRC). An installation package and user's guide was developed for unlimited distribution by the ACAA.
ii The main features of the program are query, select, view, report, and graph. Query provides a way to reduce the database to a set of samples matching specific criteria; for example, "retrieve all samples where the material type is fly ash and the utilization potential is cement and concrete products and the samples were produced in Region 1. " Select allows the user to further narrow the query by selecting specific samples returned from the query. View displays all of the available information on the samples. Report provides a variety of reports to view and print, including laboratory reports, C618 reports, and utilization reports. Graph provides a menu of predefined graphs to choose from, such as comparing test results of selected samples or displaying the total number of samples identified for selected utilization potential within each region.
The program has applications for a variety of users, including CCP producers, marketers, and researchers. CCP producers can compare CCPs produced at their plant(s) with CCPs produced under similar conditions at other plants. Producers can use the program to plan for changes in fuel sources or other physical changes in the plant that will affect the quality of their ash. Marketers will be able to examine product consistency over a period of time. CCP producers and marketers can compare CCP properties and elucidate new ways to utilize a particular CCP. Researchers can use the program to identify CCPs that may be specified for emerging technologies. Researchers could also use the program to study how production condition interactions affect the characterization of CCPs. there are several major areas of institutional barriers to utilization. Two of these areas are 1) inadequate information, including both engineering and environmental data and 2) inefficient technology/information transfer to regulators or potential users of CCP utilization technology and among CCP producers, end users, and regulators.
The American Coal Ash Association (ACAA), dedicated to advancing the technically sound, commercially competitive, and environmentally safe use of CCPs, is striving to remove these barriers. Understanding the mechanisms involved in the formation and utilization of CCPs is a time-consuming and expensive task of compiling, processing, manipulating, and relating data. ACAA has contracted with the Energy & Environmental Research Center (EERC) to develop a database and computer program to assist ACAA members in the management and use of CCPs in a cost-effective manner. The program will incorporate information on fuel source, combustion conditions, collection and storage methods, analytical and empirical test results, and utilization potential. This will allow the user to assess interactions between sample generation and ash properties. The project was cofunded with ACAA and DOE through the EERC's Jointly Sponsored Research Program.
APPROACH
The overall goal of this project was to develop a computer program containing a database and user-friendly interface to find and interact with analytical and system engineering data on CCPs. This work was coordinated with ACAA staff and the ACAA technical committee. The program and user m&uatl have been provided to the ACAA for unlimited distribution at its discretion. The program, "ACAA CCP Data Manager, " was specifically designed with the features listed below:
Perform multiplecriteria queries to produce a set of samples for indepth study View and print standard reports, such as C618 reports, on selected samples Compare and contrast analytical and empirical test results of selected samples in graphs and tables Graph utilization information for selected parameters, regions, or samples Save data to a file for use with other computer software, such as spreadsheet programs 1
METHODS AND ACCOMPLISHMENTS
This work was accomplished through three main tasks: 1) identifying the data and relationships, 2) designing the database and interface, and 3) populating the database. Each task and the methods to accomplish the work are described below.
Identifying the Data and Relationships
Several meetings with the ACAA technical committee task force resulted in the identification of the kinds of information that was to be included in the database. It was determined that the database needed to be "CCP sample-oriented"; that is, all of the information collected for the database was to be related to a CCP sample. Information related to the design of the combustion system and the factors affecting the formation of the sample are included so that users can study relationships among sample formation, sample characterization, and sample utilization.
The database was designed to hold confidential information in tables outside of the main database. As copies of the database are created for individuals, their confidential data is included in their copy only. Thus the program gives users the ability to identify which samples are their own.
A form was developed for future use in collecting data and data input (Appendix A), The four main categories of related sample information are: sample formation, combustion system design, analytical data, and application.
Sample Formation
Sample formation data fields include fuel type, fuel rank, collection device, and significant operating conditions. There are also fields for general sample information such as material type and region (region is the location where the sample was produced; see the last page of the collection form in Appendix A for the list of regions).
Combustion System Design
Design features of the engineering system influence the type and quality of the CCPs produc&. For example, ash properties can be affected by fuel and boiler type. A furnace designed to bum eastern bituminous coals but currently burning western subbituminous coals will exhibit different ash properties than a furnace designed for and burning western subbituminous coals even though both furnaces are burning the same fuel.
System design configuration data fields include furnace type and manufacturer, steam generator type and manufacturer, SO2 and NO, control information, and ash-handling configurations.
Analjtical Data

1
Analytical data include chemical, mineralogical, and physical characterization data for the CCP. Standard units have been assigned to each parameter. Analytical data fields include the parameter analyzed, value (result), analytical method, technique, date analyzed, and QA/QC (quality assurance/quality control) comments. 
Application
"Application" refers to the actual or potential utilization options that have been identified by the submitter of the sample as appropriate for the specific sample. The identified applications are not governed by the standards required for the utilization option or the characterization results of the sample. The common applications for CCPs are listed in the collection form (Appendix A).
Designing the Database and Interface
After the data types and relationships were defined, the physical database was created using traditional database management design strategies. The database engine software (structure and data) is Sybase SQL Anywhere, Version 5.0.02@, Sybase, Inc. The schematic of the database is in Appendix B.
The program to interact with the database was designed with PowerBuilder, Version 5.O.0lo, Sybase, Inc. The program is designed to operate on IBM-compatible personal computers (PCs) with Windows 3.11 or higher (including Windows 95) with the minimum configuration as follows: a 486 processor, 8 MB of RAM, 13 MB of hard drive disk space.
The specific set of features as previously mentioned for the program were discussed by and agreed upon by a subgroup of the ACAA technical committee. The program was designed as a menu-driven program; users control the flow of the program by pointing and clicking on menu items and window prompts. Each window in the program is designed to fit on a monitor running with a resolution of 640 x 480. An example of a typical window in the program is shown below.
~-A M CCP DATA MANAGER
A draft version of the program was created and submitted to the ACAA for approval on the design features. Input was also received regarding the program design from attendants at the ACAA 12th International Coal Ash Use Symposium, where a paper was presented on the development of the program. Following approval by the ACAA, the program was finalized, and an installation program and user manual were created. The manual and diskettes for the finished program, "ACAA CCP Data Manager, version 1 .On were compiled and are enclosed with this report.
Populating the Database
The database was populated with information from another database, the Coal Ash Properties Database (CAPD). This database was developed by the EERC through a consortium of industry, government members, scientists, and engineers called the Coal Ash Resources Research Consortium (CARRC). The consortium members granted a release of this information for this database.
Following is a summary of the data included in the database: 
RESULTS
Diskettes containing the program are enclosed. The ACAA can copy the diskettes and user manual to distribute at its discretion. The manual has also been submitted on diskette to the ACAA to accommodate future changes and commercial printing.
The program has applications for a variety of users, including CCP producers, marketers, and researchers. CCP producers can compare CCPs produced at their plant(s) with CCPs produced under similar conditions at other plants. Producers can use the program to plan for changes in fuel sources or other physical changes in the plant that will affect the quality of their ash. Marketers will be able to examine product consistency over a period of time. CCP producers and marketers can compare CCP properties and elucidate new ways to utilize a particular CCP. Researchers can use the program to identify CCPs that may be suitable for emerging technologies. Researchers can also use the database to study production condition interactions which produce CCPs with specific properties.
The usefulness of this program cannot be fully realized until it is available to the users. Version 1.0 of the "ACAA CCP Data Manager" is meant to provide ACAA members the opportunity to explore the use of a state-of-the art computer database program for their own specific needs. After users are acquainted with the ease and capabilities of the program, it is anticipated that they will find it advantageous to have their own data stored in the next version of this database; especially as the program is designed so that they will be able to distinguish their own data from the pool of data. 
